IMPORTANCE Previous studies have suggested that Holocaust survivors may experience different chronic comorbidities more often than the general population. However, the mortality hazard among these individuals has not been addressed.
Introduction
Repeated studies have suggested that Holocaust survivors may experience more comorbidities, such as hypertension, heart diseases, osteoporosis, metabolic syndrome, and malignant diseases, compared with the general population. 1, 2 These consequences could be explained by psychosocial trauma and posttraumatic injury, poor hygienic conditions, prolonged malnutrition, and suboptimal preventive means. 3 However, the overall survival and age at death among Holocaust survivors has been sparsely investigated.
The primary objective of this study was to quantify the mortality hazard among Holocaust survivors, compared with individuals from Israel born during the same years and participating in the same health care plan. In addition, we compared rates of comorbidities between Holocaust survivors and the control group.
Methods
The study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline. 4 Data were collected from the computerized databases of Maccabi Healthcare
Services, a nationwide health plan in Israel with more than 2 million members representing 25% of the population. 5 Data are automatically collected and include information regarding all diagnoses, Socioeconomic status was categorized and ranged from 1 (the lowest) to 10 (the highest) based on the poverty index of the member's enumeration area, as defined by Israel's 2008 national census. 6 The poverty index is based on household income, education level, crowding, physical conditions, and car ownership. We verified the place of the child in the family and the total number of children in the family. We examined the prevalence of these conditions in both study groups. This was a cross-sectional study using data collected from January 1, 1998, through December 31, 2017, with at least 2 previous years of membership in Maccabi Healthcare Services. In parallel, we compared the mortality hazard between the Holocaust survivors and the control group. The mortality data were available from 1988 until December 31, 2017. Logistic regression was conducted to compare the hazard of comorbidities between groups after adjustment for age, sex, socioeconomic status, and BMI. Cox regression and adjusted KaplanMeier curves were constructed to compare the age at death in each group with adjustment for sex, socioeconomic status, and BMI. All tests were 2 tailed with P < .05 defining statistical significance, and all analyses were conducted using SPSS, version 24 (SPSS Inc), standard statistical software.
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Results
Cross-sectional Study
The Holocaust survivor group included 38 597 individuals, and the control group included 34 931 individuals, all of whom were present members of Maccabi Healthcare Services, Israel. Figure) .
Discussion
During the past decade, several studies 1,2 have suggested that Holocaust survivors have higher rates of comorbidities compared with groups unexposed to genocide. Another study 7 suggested an excess of psychosocial morbidities but not excessive physical comorbidities or changes in overall survival.
However, the death hazard among Holocaust survivors has been only sparsely investigated or understood. Although Sagi-Schwartz and colleagues 8 have suggested that exposure to the Holocaust was associated with a slight protective effect (ie, favorable longevity of approximately 6.5 months) mostly among men, Stessman and colleagues 7 did not detect different rates of mortality.
The present study, to our knowledge, is the only study to date to compare comorbidities and mortality rates using the same cohort of survivors. Moreover, existing studies have not optimally controlled for confounders that may affect comorbidities or death hazard.
There is a broad understanding that a genocide experience sustained for 5 years would have serious consequences on the psychologic and physical well-being of individuals because of psychosocial trauma, posttraumatic injury, poor hygiene, prolonged malnutrition, and suboptimal preventive means. 3, 8 In the first part of our study, a cross-sectional analysis revealed excessive rates of comorbidities among Holocaust survivors after adjustment for age, sex, BMI, and socioeconomic status, with higher rates of hypertension, osteoporosis among women, diabetes, chronic renal disease, cancer, dementia, and cardiovascular illnesses.
However, higher rates of reported and diagnosed symptoms may theoretically reflect a potential reporting and ascertainment bias because Holocaust survivors may be more likely to seek medical help than matched controls owing to higher sensitivity to their health and better insight into health consequences. In addition, Holocaust survivors may be more likely to seek compensation and other types of privileges. However, our analysis revealed higher rates of comorbidities that were unlikely to be subject to ascertainment bias, such as confirmed myocardial infarction, cancer, and osteoporotic fractures. These results suggest that after adjusting for age, sex, socioeconomic class, and BMI, Holocaust survivors are more likely to develop serious comorbidities.
These results were contrary to our analysis of mortality hazard, in which Holocaust survivors had substantially greater survival compared with matched controls after controlling for potential confounders (Table 3) There is ample evidence that serious morbidities, including cardiovascular morbidities and cancer, shorten life expectancy; thus, the contradiction of higher rates of comorbidities but lower death hazard among Holocaust survivors is interesting. 3 This paradox may be explained in part by findings from a recent study by Elran-Barak et al 9 that compared 164 Holocaust survivors with 134 prewar and 183 postwar immigrants to Israel regarding their coping strategies toward ensuring "the best possible life." The study found that Holocaust survivors selected "maintaining good health" as a coping strategy almost twice as much as the other groups. Health literacy is defined as "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions." 10 A study 11 revealed that optimal health literacy may be associated with more favorable life expectancy because the individual is more likely to use preventive methods, participate in medical screening (eg, cancer and cardiovascular disease), and be diagnosed and treated earlier.
There may be other factors among Holocaust survivors that have not been appropriately quantified but that may be associated with improved ability to survive. It can be argued that the subgroup that survived the extreme conditions that many individuals did not survive had coping abilities that rendered them more resilient to comorbidities. For example, chronic stress has been shown to be associated with increased mortality risk among patients with atherosclerosis. 12 It is conceivable that the stress response among Holocaust survivors is different so that these survivors are less sensitive to the consequences of some comorbidities. It has been shown that soldiers who have experienced combat-related trauma find greater meaning and satisfaction in their later lives secondary to these traumatic experiences. 3 Resilience is commonly defined as adaptive characteristics of individuals to cope with and recover from adversity. 13 Psychosocial determinants promoting resilience include optimism, cognitive flexibility, active coping skills, maintaining a supportive social network, attending to personal physical well-being, and embracing a personal moral compass. 14 
Limitations
Potential weaknesses of the study need to be acknowledged. Date of death data were available from 1988 onward. In contrast, morbidity data were available from 1998 onward. We analyzed separate cohorts because we had no comorbidity information from 1988 to 1998 and we could not use it as a covariate. For comorbidity, we had to ensure that all participants were alive and that they had the opportunity to be diagnosed (thus we selected a cross-sectional analysis).
Conclusions
Our study found higher rates of comorbidities and lower mortality among Holocaust survivors, which may be associated with improved health literacy and unique resilience characteristics among Holocaust survivors. More research is needed to explore the biologic and psychosocial basis for this resilience.
